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INTRODUCTION
Ventilatory support for premature infants with respiratory distress has undergone significant change over the past 10 years. There are few large databases of neonatal ventilation, which describe the changes in ventilatory support over an extended period of time. Synnes et al. 1 reported their experience in a single NICU over a 7-year period from 1983 to 1989, in the presurfactant era. They reported on 1024 infants from 23 to 28 weeks delivered over this interval of whom 831 were admitted to the NICU following resuscitation. They noted that the duration of mechanical ventilation varied inversely with gestational age, with 23-week infant survivors having a median duration of ventilation of 77 days, 24-week infants requiring 65 days and 28-week surviving infants requiring 10 days of ventilation.
Wilson et al. 2 reviewed the neonatal database of the Kaiser Permanente Medical Care program of Northern California from August 1992 to November 1997. The authors found that for preterm infants, gestational age, admission illness severity, oxygenation index, anomalies, and small-for-gestational age status were significant predictors for length of ventilation for preterm infants, accounting for 60% of the variance in the length of assisted ventilation. The median length of ventilation for infants of 24 weeks or less was 50 days or greater falling to 30 days for infants of 26 weeks gestation at birth. In 1997, of all infants receiving assisted ventilation less than 33 weeks gestation, 20% received only continuous positive airway pressure (CPAP).
Knowledge of trends in neonatal-assisted ventilation is useful because ventilation comprises a significant portion of the total cost of care of the VLBW infant, and the staffing requirements of a NICU are directly dependent on the hours of care required to provide such support. 3 The advent of surfactant therapy and noninvasive modalities such as CPAP and nasal synchronous intermittent mandatory ventilation (NSIMV), [4] [5] [6] [7] has significantly changed the methods of supporting preterm infants with respiratory failure. We have reviewed our experience in a single academic NICU over a 10-year period in the postsurfactant era to determine the actual trends in the use of invasive and noninvasive ventilatory support, and evaluate other factors that were predictive of the occurrence of CLD in VLBW infants.
METHODS
The Neonatal Respiratory Therapy Department at UCSD Medical Center has maintained a prospective database of all neonatal blood gases and ventilator settings for all infants requiring mechanical ventilation, CPAP or more recently nasal SIMV, along with tracking intubation, extubations, and duration of ventilatory support. Data for a 10-year period from January 1993 through December 2002 were merged and the resultant database reviewed to provide information regarding the following respiratory parameters: initial blood gases, initial ventilator settings, duration of invasive and noninvasive ventilation, and spontaneous and unplanned extubations. The number of blood gases per infant per day, blood gas values on day 1, oxygen index (OI) of each blood gas, maximal OI, and total number of blood gases per infant were calculated. Since 1997, we recorded information on the occurrence of CLD, defined as the need for oxygen at 36 weeks. To determine if severity of illness had changed over time we reviewed all VLBW infants who had a single OI >10. The OI is the (mean airway pressure) Â (FiO 2 Â 100)/PaO 2 .
We performed univariate statistical analyses using w 2 , Student's t-test, and analyses of variance to determine which changes in ventilator parameters were significant. We also performed multivariate statistical analysis using linear and logistic regression to evaluate factors that predicted the occurrence of CLD, death and duration of ventilation. All of these analyses were performed using SPSS 11 for Windows (SPSS, Chicago, IL). A p-value of less than 0.05 was considered significant.
We received permission form the Human Subjects Committee of the UCSD Medical Center to perform this review and publish the results.
RESULTS
During this 10-year interval 6254 infants were admitted to the NICU, of whom 2388 required intubation for mechanical ventilation. Of these, 837 infants were 1500 g or less at birth, 131 of whom were transported to our unit, and 453 infants were less than 1000 g at birth. We performed 101,110 blood gases and recorded a total of 349,143 ventilator hours.
The duration of invasive ventilation decreased in all weight groups. Table 1 The incidence of CLD in ventilated VLBW infants decreased from 20% in 1997 to 11% in 2002. Lower birth weight ( p<0.0001), male sex ( p<0.008), and a longer total duration of ventilatory support (p<0.001), predicted the occurrence of CLD. Death alone was best predicted by lower birth weight, and maximum OI ( p<0.0001). Transported infants had significantly increased maximal OIs ( p<0.0001), durations of ventilation, ( p ¼ 0.008), and incidence of death ( p ¼ 0.005). Duration of invasive ventilation in surviving infants was best predicted by birth weight ( p<0.0001), with each Table 2 , 48% of VLBW infants with a single OI of greater than 10 either died or survived with CLD. Over this 6-year interval, only two infants who died had CLD.
Accidental extubations in all ventilated infants decreased from 14% in 1992 to 7% in 2002. The majority of such extubations occurred in VLBW infants who were intubated for greater than 15 days. The occurrence of airway difficulties following extubation, as demonstrated by clinically significant stridor occurred in 0.8% of our VLBW population and did not change over the study period.
DISCUSSION
Our review represents the practices in a single academic tertiary care NICU over the most recent 10 years. Wilson et al. 2 reported on the Northern California Kaiser database representing a cohort of 77,576 births from 1992 to 1997. They presented overall data, and did not provide yearly outcomes or the change in practice over a specified period. While our experience represents a much smaller population of approximately 30,000 inborn deliveries plus transports, the number of ventilated infants in these two reports is similar.
There has been a consistent downward trend in the number of admitted infants who required intubation or mechanical ventilation, and in the mean and median duration of ventilatory support. We did not collect CPAP data prior to 1997. Over the past 5 years, we have introduced more noninvasive ventilatory support strategies, which represented 50% of all support hours in the years 2001 to 2002. Our use of CPAP appears to be similar to the Kaiser experience with the majority of hours representing VLBW infants. These changes have occurred along with a decrease in overall mortality and CLD. These associations do not necessarily represent cause and effect, but demonstrate that the use of such strategies did not adversely affect mortality and CLD rates.
During the last 5 years, we have accepted higher carbon dioxide levels, in keeping with the original observations of Rhodes et al. 8 and the more recent study by Mariani et al. 9 They reported that infants maintained at a higher PaCO 2 level required lower inspiratory pressures, mean airway pressure, and ventilator rates. In a subsequent multicenter trial that was terminated because of complications associated with the randomization of early dexamethasone, Carlo et al. 10 reported that infants randomized to permissive hypercapnia required less ventilation at 36 weeks.
We believe that the diagnosis of CLD is an important outcome, not only as it reflects the need for the ongoing use of ventilation and/or oxygen, but more importantly, because of the relationship of CLD to subsequent neurodevelopmental morbidity. [11] [12] [13] [14] We were able to determine that among the factors available for analysis, male sex, lower birth weight, and total duration of ventilatory support were each independently associated with an increased the risk of CLD, consistent with previous observations. 15, 16 However, while our overall antenatal steroid rate has been high (>75%) over the 6 years over which we performed multivariate analysis, our respiratory care database did not include patient specific information on this or other potential risk factors for CLD such as chorioamnionitis, gestational age estimate, and the clinical illness severity.
There has been only sporadic information of the utility of the OI in predicting such outcomes. From our review, a single OI >20 predicted that 62% of VLBW infants develop CLD or die, whereas an OI >10 predicted that 48% would develop such outcomes. There is little information on the predictability of the OI in the VLBW infant. 17, 18 The Franco-Belgium study of iNO enrolled 85 premature infants who were less than 33 weeks gestation with OIs from 12.5 to 30 and they reported that 49% of their infants either died or survived with CLD. 19 The Kaiser group reported that the worst OI in the first 24 hours was a significant factor in predicting Figure 1 . Duration of total ventilation (hours/patient) for extremely low-birth-weight infants stratified by birth weight and survival. of the duration of ventilation, 2 whereas we found that the maximal OI at any time was a predictor of death, but not of CLD. Neither the initial nor maximal OI were significant factors in our multivariate analysis evaluating the duration of ventilation whereas birth weight was the strongest predictor, with transport and the initial FiO 2 contributing to a smaller extent. An OI of greater than 10 on a single occasion may be a very useful indicator of infants who may benefit from inclusion in studies of future interventions.
CONCLUSION
For VLBW infants, lower birth weight and longer duration of invasive ventilation are the most important predictors of the occurrence of CLD, and lower birth weight is the best predictor of longer duration of ventilatory support. The use of noninvasive ventilatory support is increasing and now represents over 50% of ventilatory support hours. The increasing use of noninvasive strategies has not been associated with an observable increase in respiratory morbidity.
